Although it is widely assumed that business activity is dependent on flows of ecosystem services (ES), little evidence is available with which to evaluate this contention. To address this knowledge gap, we conducted a questionnaire survey of business dependencies on twenty-six different ES in the English county of Dorset, where the environment supports a significant component of the local economy. Responses were received from 212 businesses across twenty-eight sectors. While virtually all businesses (98%) were familiar with the concept of ES, dependency on ES was highly divided with 50% of businesses surveyed claiming no dependence on any ES flows. The highest businesses dependencies reported in this study were for regulating services with the ES of water quality and waste water treatment being of particular importance to businesses. The results however, advised that greater efforts are needed in highlighting the indirect benefits provided by Dorset's ecosystems, with eight business sectors (58% of respondents) claiming no or little dependence on supporting and habitat services including the ES of biodiversity, habitats for species and maintenance of genetic diversity. Many businesses also indicated little or no dependence on the globally important ES of pollination and soil condition, which may reflect a lack of awareness of dependencies occurring upstream of their value chains. At the sector level, businesses directly involved in protecting, extracting, or manufacturing raw materials were found to be more dependent on provisioning, regulatory and supporting ES than those operating in the service sector who favored cultural ES. These results highlight the value of assessing business dependencies on ES flows, which could usefully inform environmental management and accounting systems and improve monitoring of business performance, and thereby contribute to achievement of sustainability goals.
Introduction
Research on the interrelated concepts of natural capital (NC) and ecosystem services (ES) has developed rapidly in recent years [1] [2] [3] , and has provided detailed insights into the spatial dynamics of ES flows in relation to land/ocean management [4] [5] [6] , how ES may be valued [7, 8] and how such values may be incorporated into decision making [9, 10] . It is now widely believed that the process of economic development is dependent on maintenance of NC and the associated flows of ES to human society [11, 12] . Furthermore, it is axiomatic that economic development is contingent on the activities of the private sector, which plays a leading role in driving productivity and economic participation, creating employment and funding investment. Yet the specific role of ecosystem flows in supporting business activity has received relatively little attention from researchers. In their overview of the linkages between biodiversity, ecosystems and business, The Economics of Ecosystems and Biodiversity study TEEB [13] suggested that all businesses depend on ES, either directly or indirectly, without citing any supporting evidence. TEEB [13] also highlighted the need to measure the dependence of businesses on ES flows, as a first step towards identifying opportunities from development of the green economy and avoiding undefined risks associated with environmental change. Further, TEEB [14] highlighted the need for environmental management and accounting systems to capture ecosystem service dependencies more consistently, to improve monitoring of business performance and to ensure that returns to investors are not undermined.
Despite such calls, relatively few studies have explicitly investigated the extent to which businesses are dependent on ES flows [15] and even fewer have provided evidence that enables companies to make commercially motivating arguments for investing in NC [16] . The small numbers of studies investigating business dependence on NC or ES have tended to consider the importance of a single tangible asset such as water, carbon, biodiversity, or soil e.g., [17, 18] , but this does not adequately address the full spectrum of NC assets and benefits used by businesses. Other studies that have investigated business preferences for multiple ES only consider one economic sector e.g., [19] [20] [21] . While it is widely asserted or assumed that businesses are dependent on flows of many ES to conduct their activities [22] , there is an urgent need to better understand different businesses' opinions and preferences, as well as their attitudes towards all forms of NC, to facilitate relevant policy developments and to inform better business leadership decisions. While the links between business, ES and NC are manifold [23] , specific business preferences and dependencies regarding ES are usually based on local geographic and cultural characteristics [24] . This exemplifies the need for case studies that capture local knowledge and data around the interdependencies of ES so that policy-makers can determine the most appropriate investments in NC, both for business priorities and for society.
In this study, we examined business dependencies on ES in the county of Dorset in South West England. Dorset provides a useful example as the environment is one of the main economic assets of the area. Its value to society is recognized through many international, national, and local designations on land and at sea. For example, there are 4 Ramsar sites, 20 Special Areas of Conservation, 11 National Nature Reserves and 141 Sites of Special Scientific Interest located within Dorset, which together with local nature reserves cover about 12% of the land area [25] . Half of the land area of Dorset is also designated as an Area of Outstanding Natural Beauty (AONB) and the county is also home to the Jurassic Coast World Heritage Site, as well as 12,000 designated heritage sites [25] . The "environmental economy" in Dorset has recently been valued at £0.9-£2.5 billion pa and supports 17,000-61,000 jobs, the range in these values depending on the underlying assumptions [25] . These estimates are conservative because they consider only the tangible assets and flows. The wider value of NC includes such intangible benefits as the value to a business of attracting and retaining good staff, and the number of companies that stay in the county because they value the environmental characteristics and quality of the area. Such intangible values could potentially underpin much of the businesses activity and jobs in Dorset [26] . Therefore, the overall objective of this study was to gain information on how dependent business activity in Dorset is on different ES flows, collected through an online questionnaire survey. This research was undertaken to address the following questions: (i) How dependent are businesses on obtaining particular local skills, assets, and resources? (ii) How dependent is the production process of the business, or the service that they offer, on obtaining ES from Dorset?
Questionnaire Development and Data Sources
We developed the questionnaire based on six steps: (1) create a pilot questionnaire; (2) seek experts' opinions to improve the reliability of the sampling design, as well as the cohesion and level of relevance of questions addressed; (3) redesign the questionnaire based on the corrections suggested by experts; (4) conduct a pilot survey with the members of the Dorset Local Nature Partnership (LNP); (5) redesign the questionnaire based on the results of the pilot study; (6) disseminate the questionnaire to businesses. The questionnaire was composed of four closed questions that aimed to Sustainability 2018, 10, 1368 3 of 14 identify: (1) which sector each business or organization belonged to; (2) why each business chose to base their business activities in Dorset rather than in another county; (3) how important are materials produced in Dorset to business operations; and (4) how dependent is the production process of their business, or the service that they offer, on obtaining ES from Dorset (see online Figure S1 for a full copy of the questionnaire). Any business-based or active in Dorset was invited to complete the questionnaire. This included charitable organizations, local authorities, health services and other public sector organizations, as well as purely commercial organizations. Contacts were gathered from several local businesses directories [26] [27] [28] [29] , across the three local county government districts: North, West and East Dorset including the unitary authority areas of Poole and Bournemouth (Figure 1 ). Additional contacts were also sourced though the business networks of the Dorset LNP, Dorset Local Enterprise Partnership (LEP) and the Dorset Chamber of Commerce and Industry [30, 31] .
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After indicating their business sector in question one, responses were elicited using a three-point (questions two and three) or six-point (question four) Likert scale [32] . The survey was conducted by a single emailing of 2000 questionnaires followed by two follow up reminders sent over a four-month period (July-October 2017). The link to the survey was also promoted via social media and online forums with the purpose of reaching businesses not represented in the local business directories. A response rate of 10.6% (212 participants) was received which is consistent with the relatively low response rates typical of online surveys [33] . However, the sample responses covered a reasonably good representation of different sectors (Figure 2 ). In development of question four we considered five ecosystem service classifications (The Millennium Ecosystem Assessment, [34] ), The Economics of Ecosystems and Biodiversity classification (TEEB, [13] ), UK National Ecosystem Assessment (NEA, [35] ) Common International Classification of Ecosystem Services (CICES, [36] ) and The Final Ecosystem Goods and Services Classification System (FEGS-CS, [37] ). These were used to produce a combined list of 26 services that were included in the survey. In line with the above TEEB study ES were defined as "the direct and indirect contributions of ecosystems to human well-being" and were categorized into provisioning, regulating, cultural, and habitat and supporting services. After indicating their business sector in question one, responses were elicited using a three-point (questions two and three) or six-point (question four) Likert scale [32] . The survey was conducted by a single emailing of 2000 questionnaires followed by two follow up reminders sent over a four-month period (July-October 2017). The link to the survey was also promoted via social media and online forums with the purpose of reaching businesses not represented in the local business directories. A response rate of 10.6% (212 participants) was received which is consistent with the relatively low response rates typical of online surveys [33] . However, the sample responses covered a reasonably good representation of different sectors (Figure 2 ). In development of question four we considered five ecosystem service classifications (The Millennium Ecosystem Assessment, [34] ), The Economics of Ecosystems and Biodiversity classification (TEEB, [13] ), UK National Ecosystem Assessment (NEA, [35] ) Common International Classification of Ecosystem Services (CICES, [36] ) and The Final Ecosystem Goods and Services Classification System (FEGS-CS, [37] ). These were used to produce a combined list of 26 services that were included in the survey. In line with the above TEEB study ES were defined as "the direct and indirect contributions of ecosystems to human well-being" and were categorized into provisioning, regulating, cultural, and habitat and supporting services. . Proportion of total responses by business sector [38] , completed by Dorset businesses reporting their dependence on ecosystem services (n = 212).
Results

Reasons for Locating Business Activity in Dorset
Availability of labor/local skills (73%), access to suppliers and markets (71%) and the availability of people with skills in ecology, the environment or nature (61%) were highlighted (i.e., classified as either "somewhat" or "very" important) as the top three reasons for conducting business activities in the county (Figure 3 ). Further, 60% of businesses considered availability of food, water, and raw materials as being important for business activity. Over 50% of businesses recognized tourism as an important factor for locating the business in Dorset, with access to beach (53%), heathland (52%) and forest (50%) areas of the county of particular importance. In contrast, the need to access other 'landbased' habitats such agricultural land was slightly lower (46%). Demand for the maintenance of ecological biodiversity (47%) and access to 'marine and coastal habitats' such as cliffs (49%) and sea (48%) was also relatively high considering the range of sectors considered in the study, many of which do not have a direct connection to the coast. This high dependence is likely due to the county's proximity to the Jurassic Coast World Heritage Site, and the large array of beaches, which attract millions of tourists to the area each year. Sea fishing also takes place from several ports and harbors from Lyme Regis to Christchurch, highlighting the environmental value of Dorset's seas. Social and cultural factors was evenly split (50%) as an important factor for locating business activity. The least important criteria for establishing a business in Dorset however, was the price of property (39%). 
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Importance of Materials Produced in Dorset for Business
Many businesses were found to place a high importance on locally produced materials and utilities ( Figure 4) , with 75% classifying fuel (for vehicles) as either "somewhat" or "very" important. Other materials that scored highly (>50%) included fuel (for heating and energy) (73%), energy (68%), water for human consumption (66%), water for industrial and energy uses (59%), locally produced building materials (54%) and timber (51%). Conversely, local environmental goods such as terrestrial plants and animals (43%), marine algae and animals (40%) and freshwater plants and animals (39%) were considered less important. Local sources of water for agricultural use (31%) and medicinal resources (13%) were ranked as the least important materials. 
Perception and Importance of ES
Most respondents (98%) could identify ES, with the regulating service of carbon sequestration and storage considered to be the least identifiable service within business operations with 6% of respondents unsure if this service contributed to their business activity. When respondents were asked how dependent their business are on obtaining various environmental goods and services from Dorset, regulating services were perceived to be the most important to businesses, being categorized by 35% of interviewees as "highly dependent" or "entirely dependent" (Table 1 ). Corresponding 
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Perception and Importance of ES
Most respondents (98%) could identify ES, with the regulating service of carbon sequestration and storage considered to be the least identifiable service within business operations with 6% of respondents unsure if this service contributed to their business activity. When respondents were asked Sustainability 2018, 10, 1368 6 of 14 how dependent their business are on obtaining various environmental goods and services from Dorset, regulating services were perceived to be the most important to businesses, being categorized by 35% of interviewees as "highly dependent" or "entirely dependent" (Table 1) . Corresponding values for the other categories were lower, at 30-31%. 58% of businesses claimed that they are "not at all dependent" on habitat and supporting services, indicating that there is a significant proportion of businesses that do not perceive any benefits of biodiversity to their business activities compared with a smaller proportion who do. Overall, 50% of businesses indicated that they were "not dependent at all" on ES flows, with mean scores of this lack of dependence ranging from 21% to 70% for individual services. Table 1 . Comparison of the importance of ES to businesses in Dorset, split into "provisioning", "regulating", "habitat and supporting services", and "cultural" ES as categorized in the TEEB framework (2010) (n = 212). The top five ES on which business activities reported as being "high" or "entirely" dependent were all provisioning or regulating services including: the provisioning of freshwater (53%), waste-water treatment (51%), micro-climate regulation (46%), water quality (45%) and carbon sequestration and storage (42%). Leisure and tourism (41%), aesthetically attractive landscapes (37%) and recreation, mental and physical health (36%) were also considered highly or entirely important cultural services by the respondents. In contrast, several regulatory, cultural and habitat services were considered to be unimportant to businesses including: pollination (70% indicating "not dependent at all"), spiritual experience (69%), good soil condition (64%), maintenance of genetic diversity (65%) and pest and disease control (63%).
Comparison of the Perceptions of ES across Different Sectors
The degree of dependence on ES differed markedly between economic sectors (Table 2) . Overall, the agricultural and forestry sector was associated with the highest dependence on ES (76% indicating "high dependence" or "entirely dependent"), with corresponding values for ecological consultancy, education, fishing and tourism and travel also being >60%. Conversely, sectors such as advertising, business services-professional, communication, financial services, gas, and manufacturing (advanced engineering and other) were each associated with <20% dependence. The importance each business sector attributed to each ES category also varied; with businesses directly involved in protecting, extracting or manufacturing raw materials (e.g., agriculture, forestry, ecological consultants and food manufacturers) being more dependent on provisioning, regulatory and supporting ES than those operating in the service sector (e.g., communication, financial and tourism), who were more dependent on cultural ES.
The greatest dependence on provisioning ES was in the agricultural and forestry sector and ecological consultants ( Figure 5) , with the services of food (livestock) and timber production both scoring highly (>81% classified as "moderately" "highly" or "entirely" dependent, online Supplementary Materials Table S2 ). Other sectors that were associated with high dependence on provisioning services included: manufacturing (food and beverage) (60%), electricity (58%), tourism and travel (57%) and wholesale (57%). However, the dependence attributed by users to different ES also varied between sectors, with the food and drink manufacturing and wholesale sector considering food production (crops) important (80%), while the tourism and travel sector indicated the provisioning of freshwater to be the most important (80%). The electricity sector took a more balanced approach suggesting that no single provisioning service was the most important.
The fishing sector placed the highest importance on habitat and supporting ES (100%), followed again by the agricultural and forestry sector (95%) and ecological consultants (90%). Manufacturing (food and beverage) businesses also placed a high importance on habitat and supporting ES (66%) the fourth highest, followed in joint place by charitable trusts (66%), food and beverage (62%) and the water, sewage, and waste sector (60%). These sectors along many others recognized the importance of biodiversity, habitats for species and genetic flows within ecosystems, but this category also proved the most divisive with eight sectors placing no dependence (0%) on any of the supporting or habitat services.
Regulatory services were regarded as important by agriculture and forestry (88%), ecological consultancy (71%), water, sewage, and waste (71%), education (62%) and manufacturing (food and beverage) (60%). Compared to the other regulatory ES, the services of pest and disease control and pollination received the lowest mean scores (i.e., <50%), with exceptions from the agriculture and forestry, ecological consultancy and food and beverage sectors (i.e., >50%). The two sectors least dependent on regulatory services were manufacturing (other) (12%) and advertising and promotion (5%). aesthetically attractive landscapes the most important cultural service (100%) while education and entertainment considered inspiration for culture, art, and design more important (71-100%). Spiritual experience generally received the lowest dependency score from all sectors with fifteen out of twentyeight sectors indicating 0% dependency ( see online Table S2 ). 
Discussion
All businesses impact and depend upon NC to some extent. However, business dependencies on ES are often difficult to quantify purely in financial terms because many ES, such as biodiversity, pollination, climate regulation, aesthetic landscapes, recreational values, and cultural heritage are intangible or immaterial and are typically not priced in economic markets [10, 39, 40] , and hence are not accounted for in business decision making. While many of these ES fall outside traditional business accounts and reporting approaches, the ability to factor NC values into corporate decision making is becoming increasingly important, with new markets and regulations for ES requiring businesses to publicly report on their ES impacts and dependencies [14] . As such, it has been suggested by some authors e.g., [41, 42] that a more nuanced assessment of the materiality of the environment can be achieved by assessing relevant stakeholders' perceptions on their dependence on the goods and services provided by ecosystems. This study has attempted to address this knowledge gap.
In summary, the main findings of our results are that: (1) exactly 50% of the businesses did not consider themselves to be at all dependent on ES; (2) the highest businesses dependencies reported in this study were for regulating services (35% highly or entirely dependent), with lower corresponding values for the other categories, at 30-31%; (3) the degree of dependence differed markedly between individual ES, with values of no dependency ranging between 21% and 70% of businesses; and (4) businesses directly involved in protecting, extracting or manufacturing raw The tourism and travel sector was the most dependent on the cultural assets of Dorset (80%), suggesting these businesses derive the most benefits from leisure and tourism (100%), aesthetically attractive landscapes (95%) and places for recreation, mental and physical health (95%). Cultural services were also in high demand by: ecological consultants (76%), entertainment venues (72%), education authorities (70%) and charitable trusts (62%). Ecological consultants considered aesthetically attractive landscapes the most important cultural service (100%) while education and entertainment considered inspiration for culture, art, and design more important (71-100%). Spiritual experience generally received the lowest dependency score from all sectors with fifteen out of twenty-eight sectors indicating 0% dependency (see online Table S2 ).
In summary, the main findings of our results are that: (1) exactly 50% of the businesses did not consider themselves to be at all dependent on ES; (2) the highest businesses dependencies reported in this study were for regulating services (35% highly or entirely dependent), with lower corresponding values for the other categories, at 30-31%; (3) the degree of dependence differed markedly between individual ES, with values of no dependency ranging between 21% and 70% of businesses; and (4) businesses directly involved in protecting, extracting or manufacturing raw materials were more dependent on provisioning, regulatory and supporting ES than those operating in the service sector, who were conversely more dependent on cultural ES.
These findings contrast with suggestions made by TEEB (14) that all businesses depend to some degree on biodiversity and ES and that business dependency would most likely be highest for provisioning services. We attribute the high dependencies on regulating ES encountered here to the high dependencies recorded on water waste treatment, carbon sequestration and storage, micro-climate regulation and water quality, all of which are considered as regulating services. This finding is similar to other questionnaire-based studies from Spain [19, 43] , which found that regulating services were the most perceived by stakeholders linked to agriculturally-dominated landscapes. Our results are, however, at odds with current emerging ES decision-making frameworks, which often understate regulating services. Rather, they tend to focus on cultural and provisioning ES that have more obvious links to human wellbeing (e.g., in closer proximity to beneficiaries [44] ). The lack of scientific knowledge surrounding the processes that provide regulatory services e.g., [45] and the fact that many of the benefits provide by these services are indirect and far removed from the businesses that utilize or experience them, also makes them prone to being overlooked [46] . This was observed in this study where the regulatory ES of carbon sequestration and storage were the least understood of all the ES. Two other key regulating services that were viewed as relatively unimportant by businesses included soil condition (64% not dependent) and the ES of pollination (70% not dependent). This is likely an outcome of businesses not recognizing that some of the largest impacts on natural capital can occur upstream of their value chains, particularly on farms where the value of these ES to agriculture is enormous and often underappreciated [47, 48] . Recently efforts have focused on incorporating soils [49, 50] and pollination [51, 52] in ES frameworks that inform decision-making and environmental policies. A key challenge now will be to highlight to businesses the indirect benefits provided by underlying ecological processes to reduce future negative land use impacts. For example, soils provide many regulating services such as recycling of wastes or flood mitigation, both of which scored highly in this survey.
Interestingly, a high percentage (≥50%) of businesses choose to base their business in Dorset because of its heathlands, forests, and beaches, yet eight business sectors placed no dependence (0%) on any of the supporting or habitat services. This result is consistent with recent studies e.g., [17, 53] , which suggest that biodiversity and other supporting services are still an emerging issue for most businesses. While there is increasing evidence that business attitudes, behaviors and strategies regarding biodiversity are progressively changing [54, 55] , rapid biodiversity loss and ecosystem degradation are continuing at an alarming rate at the global scale [56] , affecting all companies (knowingly or not) through their supply chains and growth objectives. For example, the landscapes and seascapes of Dorset have experienced dramatic change over the last century, with substantial increases in (agriculturally) improved grassland [57, 58] , loss of heathland [59, 60] and an increasingly congested coastal zone [61, 62] . The green economy now makes a very significant contribution to the wider economy of Dorset, [25] , yet future economic growth can only be considered sustainable if the intrinsic value of Dorset's natural assets is properly understood, fully costed and internalized within business decision making processes.
The question of how to assess the benefits of cultural services has been a difficult topic to address for businesses and policymakers alike, owing to their non-material and intangible nature [63, 64] . Our results regarding the viewpoints of businesses on the role of cultural ES are in line with other studies [24, 65] suggesting that "visible" services, such as tourism, recreation and aesthetic landscapes are more likely to be perceived to be important by respondents than "invisible" services such as cultural heritage and spiritual experience. The higher dependence on tourism and recreation services observed by many businesses is likely attributable to the high level of environmental brand awareness and the positive view of the impact of the AONB and Jurassic Coast designations held by Dorset's visitors, businesses, and residents. This is illustrated by two separate studies [25, 66] highlighting that the existence of these environmental designations, or brands, has increased the scale of jobs and benefits to the area considerably.
Property price was respectively ranked as the lowest reason for locating business activity in the county, which may suggest Dorset's work-force is attracted to and retained not only by business opportunities, but also by a lifestyle in a high quality natural environment. At the same time, businesses indicated that good transport links and access to suppliers and markets to be of high importance for conducting business activity in the region. As such, new transport infrastructure projects will have to balance any net loss in NC with initiatives that explicitly aim to increase Dorset's NC. This of course is not an issue that is exclusive to Dorset, with many businesses worldwide now publicly committing themselves to achieving no net loss (NNL), ecological neutrality or having a net positive impact (NPI) on ecosystems and their services [67, 68] .
The principal limitation of this study is the sampling procedure adopted. While the online survey methods used here are relatively easy to implement and can potentially reach a wide audience group, survey respondents are also likely to include a younger demographic and those with a high degree of education [69] . As this study was based on a combination of stratified sampling (i.e., a targeted chosen subset of business sectors from business directories) and convenience sampling (business members who were conveniently available to participate in the study via social media), it is also possible there may be an element of 'selection bias' with those businesses with a vested interest skewing the overall results. Putting these caveats aside, the response rate to the business survey was evenly spread across the spectrum of the twenty-eight different business sectors, suggesting these responses may be representative of the wider business community of Dorset. A further limitation was our consideration of businesses across Dorset as comprising a single sample, which could have obscured regional differences in business' perceptions. These limitations could potentially be addressed by more comprehensive business surveys. For example, further work could usefully be done to compare ES dependencies between the relatively urban areas of East Dorset (including the towns of Bournemouth and Poole) and the more agriculturally orientated West and North Dorset districts.
Conclusions
Considering that effective management of all forms of NC is needed to both strengthen the environment and support economic development, a key future challenge for researchers and policymakers is to enable businesses to make decisions that appropriately reflect the values of ES [14] . Specifically, tools are required that can be used to help embed ES and NC concepts within the context of a business organization, which has been identified previously [70] as a critical research gap in sustainability and ES research. Analysis of business dependencies on ES flows, as presented here, can be of value in this context. Information on such dependencies can promote nexus-thinking [71, 72] and help identify aspects of ES that are not well integrated within environmental management systems used by businesses. Information on business dependencies on both tangible and intangible ES is required to identify priorities for strategic business monitoring and reporting, with which companies can then set clear goals for ES actions. There is a particular need to encourage businesses to consider their possible dependencies on intangible or "invisible" ES such as: pollination, soil condition, biodiversity, cultural heritage, and spiritual experience. Based on current results, businesses are relatively unaware of their potential dependencies on these services. Currently several impact assessment methodologies (e.g., Life Cycle Analysis [56, 73] ) and business engagement strategies [74] exist that provide a practical approach for product-based decision making in business. Yet, such approaches are limited by a lack of suitable indicators and metrics of ES. We suggest that information on business dependencies on ES, as demonstrated here, can be of value to such monitoring and reporting processes, and offer a relatively low-cost method enabling companies to examine their own operations in relation to ES provision. The intrinsic values revealed by our Dorset business' survey could also be expanded to include a monetary value of environmental quality, further enhancing their use to businesses. As policy makers and businesses are increasingly interested in measuring not only dependencies but also impacts of business activities on ES (including intangible values), future research could usefully involve development of methodologies linking drivers of environmental change to changes in NC condition and ES provision to identify the risks to business of ecosystem decline or deterioration.
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